ABSTRACT
INTRODUCTION
Left ventricular hypertrophy is the thickening of the wall of left ventricle resulting in an increase in left ventricular mass. Left ventricular hypertrophy is a powerful independent risk factor for cardiovascular morbidity and mortality. 1 The increase in left ventricular mass represents a common final pathway toward the adverse effects on the cardiovascular system and higher vulnerability to complications. 2 Left ventricular hypertrophy may occur as a result of two basic hemodynamic abnormalities: Systolic overload and diastolic overload. Systolic overload is also known as pressure overload and occurs with conditions like aortic stenosis, systemic hypertension, hypertrophic cardiomyopathy, and coarctation of aorta. Diastolic overload is due to overfilling of left ventricle in diastole so that the left ventricle compromise occurs during diastole. Left ventricular diastolic overload is also known as volume overload, and occurs with mitral incompetence, aortic incompetence, and also with moderate left to right shunt. Echocardiography is considered as gold standard for LVH detection in clinical practice, but ECG remains widely used due to its simplicity, low cost, and easy accessibility. However, ECG criteria for LVH detection exhibit only limited accuracy (generally due to poor sensitivity). 3 The present study was designed to study various ECG criteria for detection of LVH by comparing it with the gold standard of echocardiography.
MATERIALS AND METHODS
Hundred patients of either sex more than 18 years of age admitted in emergency, intensive care unit, and medical wards of a tertiary care hospital at Amritsar who were provisionally diagnosed to have LVH based on clinical assessment were enrolled in the study. The patients were subjected to ECG and echocardiography to confirm the diagnosis of LVH. 
RESULTS
Overall in our study, 35% (n = 35) patients were in age group of 61 to 70 years, 33% (n = 33) were in age group 51 to 60 years, 18% (n = 18) were in age group 41 to 50 years, 9% (n = 9) in 71 to 80 years, 3% (n = 3) >81 years, while minimum of 2% (n = 2) in age group of 31 to 40 years. Also, 50% (n = 50) were male and 50% (n = 50) were female. When distributed according to etiology, 98% (n = 98) of them had hypertension, 14% (n = 14) had coronary artery disease along with hypertension, 3% (n = 3) had dilated cardiomyopathy with mitral regurgitation (MR), 3% (n = 3) had hypertension with aortic sclerosis, and 2% (n = 2) had rheumatic heart disease with MR. Out of the 100 suspected patients, only 43% (n = 43) patients showed LVH on ECG after applying all the criteria, while 57% (n = 57) had no evidence of LVH on ECG. Out of 100 suspected cases, 38% (n = 38) had LVH on ECG after applying Sokolow criterion, 18% (n = 18) had LVH on ECG with Romhilt-Estes criterion, while 15% (n = 15) had LVH on ECG with Cornell criteria. Out of 100 patients suspected to have LVH, 91 patients were found to have LVH on echocardiography (Table 1) . This indicates that echocardiography has sensitivity of 91% and diagnostic accuracy of 91% (Table 2) . After statistical analysis, sensitivity of ECG (by combining all criteria) turned out to be 45.05%, while specificity of ECG was 77.78% with a positive predictive value (%) of 93.35% and a negative predictive value of 12.28% (Table 3) . On comparing individual ECG criteria with echocardiography, sensitivity of Sokolow criterion came out to be 38.46%, and specificity was 66.76%, while positive predictive value was 92.11%, and negative predictive value was 9.68% (Tables 4 and 5 ). By comparing RomhiltEstes criterion with echocardiography, sensitivity of Romhilt-Estes criterion in diagnosing LVH was 19.78%, and specificity was 100%. While positive predictive value was 100%, and negative predictive value was 10.98% (Tables 6 and 7) . By comparing Cornell criterion with echocardiography, sensitivity of Cornell in diagnosing LVH was 14.29% and specificity was 77.778%, while positive predictive value was 86.67%, and negative predictive value was 8.24% (Tables 8 and 9 ). However, on comparing individual criterion with each other, Sokolow criterion had maximum sensitivity of 38.46%, while Cornell criterion was least sensitive, i.e., 14.29%, and sensitivity of Romhilt-Estes criterion was 19.78% (Graph 1); (Table 10 ). The overall specificity of ECG was 77.78%.
Statistical Analysis
After statistical analysis of different criteria, it is found that Sokolow criterion is better than Cornell and RomhiltEstes criteria in diagnosing LVH with a p-value of 0.001 against Cornell criterion and 0.037 against Romhilt-Estes criterion, which is statistically significant, while no difference was found between Cornell and Romhilt-Estes criteria (Table 11) .
DISCUSSION
In the present study, out of 100 suspected patients echocardiography detected LVH in 91% of patients with a diagnostic accuracy of 91%, which is consistent with study done by Woythaler et al. 13 The study showed that echocardiographic left ventricular mass is similar to necropsy obtained left ventricular mass with a correlation coefficient of 0.81 for echocardiography and 0.83 for necropsy data. In the present study, sensitivity of ECG to diagnose LVH comes out to be 45.05% and specificity as 77.78%, indicating that ECG is less sensitive in diagnosing LVH which is consistent with many previous studies [14] [15] [16] showing that ECG recognizes LVH poorly with test sensitivity generally ranging from 20% to below 50%. The study done by Pewsner et al 17 also favors present study and found that median sensitivity of ECG to diagnose LVH ranges from 10.5 to 21% with specificity from 89 to 99%. In our study, sensitivity of Sokolow criterion to diagnose LVH came out to be 38.46%, which is consistent with the original study done by Sokolow sensitivity and specificity to be 35 and 90% respectively, indicating that Romhilt-Estes criterion is less sensitive in diagnosing LVH but very specific in diagnosing LVH. However, sensitivity of Cornell criterion to diagnose LVH is 14.29%, which is consistent with the studies done by Okin et al, 21 Domingos et al, 23 and Dada et al 20 in which sensitivities were 22, 12, and 22% respectively. Our study shows that specificity of Cornell criterion to find LVH is 77.78%, which is consistent with the studies done by Okin et al, 21 Domingos et al, 23 and Dada et al 20 showing specificities of 87, 100, and 80% respectively. In this study, after comparing LVH on ECG in males and females it is found that ECG is more sensitive in males (51.06%) vs females (38.63%) with a diagnostic accuracy of 52% in males as compared with diagnostic accuracy of 44% in females. This finding is consistent with the studies done by Levy et al, 11 Colossimo et al, 24 and Hameed et al 22 that ECG is more sensitive in diagnosing LVH, which is perhaps a reflection of higher QRS expression in males.
In the present study, sensitivities of different criteria, Sokolow, Cornell, and Romhilt-Estes, in females were 31.88, 11.36, and 20.45% respectively. The sensitivities of these criteria in the study done by Casiglia et al 25 in females were 12.7, 14.6, and 10.1% respectively. As sensitivity of Sokolow criterion is maximum, it is better in judging LVH in females, which is consistent with the finding of Alfakih et al showing that Sokolow criterion is better in diagnosing LVH in females. 26 In the present study, sensitivities of different criteria, i.e., Sokolow, Cornell, and Romhilt-Estes, in diagnosing LVH in males were 41.68, 17.02, and 19.94% respectively. The sensitivities of these criteria in the study done by Casiglia et al 25 in males were 16.7, 3.8, and 25.5% respectively.
CONCLUSION
So, after comparing all these criteria, our study shows that all criteria are very less sensitive in diagnosing LVH, 20 VIIDA study group, 27 Hammed et al. 22 After comparing the diagnostic accuracy of all the three criteria with each other, it is found that Sokolow criterion is comparatively better in diagnosing LVH as compared with Cornell and Romhilt-Estes criteria, which is consistent with the study done by Dada et al, 20 which also found Sokolow criterion better than other criteria.
